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INTRODUCTION
Root canal treatment of primary teeth remains a 
controversial subject in Pediatric Dentistry, and a variety 
of materials, techniques and treatment protocols have 
been proposed (1-3) for teeth with both necrotic and 
vital pulp (2,4).
The success of endodontic therapy relies directly 
on the accurate accomplishment of all operative pro-
cedures, strict compliance with the specific treatment 
guidelines, and the choice for biocompatible materials. 
In addition, the filling material must fulfill the accepted 
triad of treatment goals, namely removal of diseased 
tissue, elimination or reduction of bacteria, and preven-
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This study aimed to assess the response of apical and periapical tissues of dogs’ teeth after root canal filling with different materials. 
Forty roots from dogs’ premolars were prepared biomechanically and assigned to 4 groups filled with: Group I: commercial calcium 
hydroxide and polyethylene glycol-based paste (Calen®) thickened with zinc oxide; Group II: paste composed of iodoform, Rifocort® 
and camphorated paramonochlorophenol; Group III: zinc oxide-eugenol cement; Group IV: sterile saline. After 30 days, the samples 
were subjected to histological processing. The histopathological findings revealed that in Groups I and IV the apical and periapical 
regions exhibited normal appearance, with large number of fibers and cells and no resorption of mineralized tissues. In Group II, 
mild inflammatory infiltrate and mild edema were observed, with discrete fibrogenesis and bone resorption. Group III showed altered 
periapical region and thickened periodontal ligament with presence of inflammatory cells and edema. It may be concluded that the 
Calen paste thickened with zinc oxide yielded the best tissue response, being the most indicated material for root canal filling of 
primary teeth with pulp vitality. 
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tion of canal reinfection. The filling material must be 
biocompatible and protected with a well-sealed coronal 
restoration. 
Several materials have been proposed for the 
obturation of root canals of primary teeth and, although 
no single material fulfills all requirements of an ideal 
endodontic paste filler (1), zinc oxide and eugenol 
cement (ZOE) has been widely used in the primary 
dentition (1,5). Nevertheless, some untoward reactions 
elicited by these materials have limited their use. These 
adverse effects include being irritating for the tissues and 
triggering foreign-body reactions within the periapical 
tissues, particularly when extruded into the extradental 
space (6,7). The irritating potential of the zinc oxide 
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and eugenol-based materials is currently attributed to 
the eugenol. Another shortcoming that has restricted the 
use of these compounds is their low resorption capacity, 
due to which zinc oxide and eugenol particles are left 
within the periapical tissues as the physiological root 
resorption occurs (5). 
Materials containing iodoform in their compo-
sition have also been advised for root canal filling in 
primary teeth (8) because of its antibacterial activity 
and easy resorption. However, the rapid elimination of 
iodoform by the organism leaves behind empty spaces 
inside the root canal, which may undermine the success 
of the endodontic therapy (1). Additionally, the use of 
iodine-based materials in contact with live tissues has 
no longer been indicated because of their potential for 
causing toxic side-effects (9).
On the other hand, due to its excellent biological 
properties, calcium hydroxide is one of the most em-
ployed medications in Dentistry, particularly in pediatric 
patients, and has been indicated for a variety of clinical 
situations, including root canal filling of primary teeth 
(4,8). Among the beneficial properties of calcium hy-
droxide are its biocompatibility (10,11), antibacterial 
activity (12), induction of mineralized tissue formation 
(13-15), activation of alkaline phosphatase and colla-
gen synthesis (16) and ability to produce hydrolysis of 
bacterial endotoxin (17). 
Reports on the literature show divergent outcomes 
and there is no consensus related to the best root canal 
filling material for primary teeth. Recently, Chawla et al. 
(4,18) described a clinical radiographic evaluation of a 
mixture of zinc oxide powder and calcium hydroxide for 
primary tooth obturation. The strategy aimed at using a 
paste with resorption rate similar to that of physiologic 
root resorption in primary teeth.
Calen® paste is a commercial calcium hydroxide 
and polyethylene glycol-based material for use as a root 
canal dressing, which has recognizably good tissue tol-
erance (10,14). The properties of Calen paste thickened 
with zinc oxide as a possible root canal filling material 
for primary teeth has recently been investigated (12). 
However, there are no published studies evaluating the 
biocompatibility of this material.
The aim of this study was to evaluate the histo-
pathological response of apical and periapical tissues of 
dogs’ teeth, after biopulpectomy and root canal filling 
with the following materials: Calen paste thickened with 
zinc oxide; paste composed of iodoform, Rifocort® and 
camphorated paramonochlorophenol; zinc oxide eugenol 
cement; and sterile saline.
MATERIAL AND METHODS
All animal procedures performed in this study 
conformed to protocols reviewed and approved by the 
Animal Care Committee of the University of São Paulo 
(Protocol #02.1.1460.53.0).
The second, third and fourth mandibular pre-
molars and the second and third maxillary premolars 
of 2 mongrel dogs aged 12 to 18 months and weigh-
ing between 8 and 10 kg were selected for the study, 
providing 40 roots. The root canals were assigned to 
2 experimental groups (Group I and Group II) (n=12) 
and 2 control groups (Group III and Group IV) (n=8).
In preparation for the clinical procedures, the 
animals were anesthetized intravenously with 3% so-
dium thiopental (30 mg/kg body weight; Thionembutal; 
Abbot Laboratories, São Paulo, SP, Brazil). After isola-
tion of the teeth with a rubber dam and disinfection of 
the operative field with 1% chlorhexidine digluconate, 
occlusal accesses were opened, and the working length 
was determined 2 mm short of the radiographic apex us-
ing size 20 K-files (Maillefer, Ballaigues, Switzerland). 
The root pulp was removed and the root canals were 
irrigated with a minimal volume of 3.6 mL of saline 
at each change of instrument. The apical foramen was 
enlarged by sequential use of sizes 15 to 25 K-files at the 
radiographic apex, always with irrigation. Afterwards, 
the biomechanical preparation was performed to the 
working length up to a size 70 K-file. A size 25 K-file 
was then reintroduced into the canals, at the total length 
of the root, to remove dentin chips or other debris that 
may have possibly been taken to the apical foramen 
during instrumentation. After irrigation with saline, the 
root canals were dried by aspiration and use of sterile 
paper points, filled with 14.3% buffered EDTA (pH 
7.4) (Odahcan; Herpo Produtos Dentários Ltda., Rio 
de Janeiro, RJ, Brazil) and left for 3 min, stirring with 
a K-file. After copious irrigation with saline, the liquid 
was aspirated, and then canals were dried with sterile 
paper points.
Since all variables should be evaluated in a 
same animal and in the different dental quadrants, each 
hemiarch was alternately subjected to the following 
experimental protocols:
Group I: Calen paste (S.S.White Artigos Den-
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tários Ltda., Rio de Janeiro, RJ, Brazil; composition: 2.5 
g calcium hydroxide, 0.5 g zinc oxide, 0.05 g colophony 
and 1.75 mL polyethylene glycol 400) thickened with 
zinc oxide (Biodinâmica Química e Farmacêutica Ltda., 
Ibiporã, PR, Brazil) (12 root canals). The Calen® paste 
was thickened by mixing 1.0 g of the paste with 1.0 g of 
zinc oxide on a glass plate. The resulting material was 
inserted into the canals using a K-file.
Group II: Paste composed of iodoform, Rifo-
cort and camphorated paramonochlorophenol (12 root 
canals). This paste is prepared with equal parts of the 
3 components, which correspond to 0.30 mg iodoform 
(Probem Ltda., Catanduva, SP, Brazil), 0.25 mg Rifo-
cort® (5.0 mg prednisolone acetate plus 1.5 mg Rifamycin 
SV sodium; Medley, Campinas, SP, Brazil) and 0.10 
mL camphorated paramonochlorophenol (Biodinâmica 
Química e Farmacêutica Ltda.). The resulting paste was 
inserted into the canals using a K-file. 
Group III (control): Zinc oxide-eugenol cement 
(8 root canals). The zinc oxide-eugenol cement (Biodin-
âmica Química e Farmacêutica Ltda.) was prepared 
by mixing 1.0 g of zinc oxide powder with 10 drops 
of eugenol. The resulting paste was inserted into the 
canals using a K-file.
Group IV (control): Sterile saline (8 root canals). 
The sterile saline (Glicolabor Indústria e Farmacêutica 
Ltda., São Paulo, SP, Brazil) was stored in glass an-
esthetic cartridges and inserted into the canals using 
a cartridge-type Carpule syringe with a disposable 
27-gauge long dental needle (BD, Juiz de Fora, MG, 
Brazil). 
Radiographs were taken of all groups after root 
canal filling to check the quality and extension of the 
obturation. Thirty days after the surgical procedure, the 
teeth were reexamined radiographically and the animals 
were killed by anesthetic overdose. The maxilla and man-
dible were dissected and sectioned to obtain individual 
roots. The samples were washed and demineralized 
with EDTA in a microwave oven (Sharp, São Paulo, SP, 
Brazil). The roots were then washed in running water for 
24 h, dehydrated in increasing concentrations of etha-
nol, cleared in xylol, and embedded in paraffin blocks. 
Serial 6-µm-thick longitudinal sections obtained were 
stained with hematoxylin and eosin (HE) and Mallory 
Trichrome. In the histopathological analysis, a descrip-
tive qualitative evaluation was performed. The following 
parameters were assessed and the subjective quantitative 
results were classified according to a scoring system as 
follows: a) intensity of inflammatory infiltrate: score 1, 
absent, score 2, mild; score 3, moderate; score 4, severe; 
b) thickness of the periodontal ligament: score 1, normal; 
score 2, mildly increased, score 3, moderately increased; 
score 4, severely increased; c) cementum resorption: 
score 1, absent; score 2, present; d) dentin resorption: 
score 1, absent; score 2, present; e) bone resorption: 
score 1, absent; score 2, present. The histopathological 
analysis was performed by a single examiner who was 
blinded to the groups. 
The results were analyzed statistically by the 
Mann-Whitney nonparametric test at 5% significance 
level using GMC 8.1 software (available from http://
www.forp.usp.br/restauradora/gmc/gmc.html).
RESULTS
The distribution of specimens according to the 
scores attributed to the histopathological parameters in 
each group and group comparison are summarized on 
Table 1. 
Group I (Calen paste thickened with zinc oxide): 
The apical and periapical regions of the roots in this 
experimental group were close to normality in 10 of 
the 12 specimens examined. In the root apex region, 
the apical cementum lacunae exhibited intact connec-
tive tissue, and areas of resorption were not evidenced 
on the cementum surface. No inflammatory cells were 
observed in the periodontal ligament of 6 roots, whereas 
a mild infiltrate of monoclueated inflammatory cells, 
diffusely scattered, was evident in the periodontal 
ligament of the other 6 roots. For all specimens in this 
group, great number of collagen fibers and cells could 
be noticed. The periodontal ligament was normal in 8 
roots, mildly thickened in 3 and moderately thickened 
in 1 root. Resorption of mineralized tissues (cementum, 
dentin and bone) was not observed in any specimen 
(Figs. 1 and 2).
Group II (Iodoform, Rifocort and camphorated 
paramonochlorophenol-based paste): The histopatho-
logical findings of this group revealed that the apical 
and periapical regions of 9 roots were in the initial stage 
of an ongoing repair process. Non-repaired areas of re-
sorption could be noticed on the cementum surface of 3 
specimens; dentin resorption, however, was not observed 
in any root. Moderate presence of diffusely scattered 
monoclueated inflammatory cells, mild edema and re-
duced number of collagen fibers and cells were evident 
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in the periodontal ligament of 4 roots. Mild mononuclear 
inflammatory infiltrate, with discreet edema and reduced 
fibrogenesis were evident in 8 roots. Thickness of the 
periodontal ligament was mildly increased in 3 roots and 
moderately increased in 9 roots. Extrusion of the filling 
material to the periapical region occurred in 8 roots and, 
surrounding the extruded material, few inflammatory 
cells and collagen fibers could be seen, even though the 
formation of a complete fibrous capsule was not observed 
in any of the specimens examined. Bone resorption, with 
the presence of osteoclasts, was noticed in all of these 8 
roots, but no evidence of dentin resorption was detected 
in any specimen (Fig. 3). 
Group III (Zinc oxide-eugenol cement): The 
periapical region of all root canals in this experimental 
group was altered. Mononucleated and polymorpho-
nucleated inflammatory cells were observed in the apical 
cementum region, surrounding the filling material at 
the apical foramen. Areas of 
cementum resorption were 
evident in 4 of the 8 roots 
examined. The periodontal 
ligament exhibited intense 
and moderate thickening in 
2 and 5 roots, respectively, 
and was mildly thickened 
in only 1 root. Noticeable 
fibrilar dissociation and 
reduced fibrogenesis, in ad-
dition to generalized edema 
among the inflammatory 
cells, were observed in this 
region. The inflammatory 
infiltrate was of mild degree 
in 2 roots, moderate in 5 and 
severe in 1 root, the latter 
exhibiting both mononucle-
ated and polymorphonucle-
ated cells (mixed type). 
Dentin resorption was not 
observed in any of the ex-
amined specimens, whereas 
bone resorption was found 
in 3 roots (Fig. 4). 
Group IV (sterile 
saline): The events of in-
flammatory response in this 
control group were very 
close to those observed in 
the specimens of Group 
I. Likewise, histopatho-
logical alterations were 
not evidenced in the root 
apex region. The inflam-
matory cells infiltrate in the 
periodontal ligament was 
composed of mononucle-
Table 1. Distribution of specimens according to the scores attributed to the histopathological 
parameters in each group and group comparison.
Histopathological
parameters Group I Group II Group III Group IV
Inflammatory infiltrate
 Absent (score 1)
 Mild (score 2)
 Moderate (score 3)
 Severe (score 4)
 Total number of roots
 Statistical analysis
6
6
0
0
12
a
0
8
4
0
12
b
0
2
5
1
8
c
4
4
0
0
8
a
Periodontal Ligament
 Normal (score 1)
 Mildly increased (score 2)
 Moderately increased (score 3)
 Severely increased (score 4)
 Total number of roots
 Statistical analysis
8
3
1
0
12
a
0
3
9
0
12
b
0
1
5
2
8
c
3
5
0
0
8
a
Cementum resorption
 Absent (score 1)
 Present (score 2)
 Total number of roots 
 Statistical analysis
12
0
12
a
9
3
12
a
4
4
8
b
8
0
8
a
Dentin resorption
 Absent (score 1)
 Present (score 2)
 Total number of roots  
 Statistical analysis
12
0
12
a
12
0
12
a
8
0
8
a
8
0
8
a
Bone resorption
 Absent (score 1)
 Present (score 2)
 Total number of roots 
 Statistical analysis
12
0
12
a
4
8
12
b
5
3
8
a
8
0
8
a
Different letters indicate statistically significant differences (p<0.05).
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Figure 1. Panoramic view of the root apex and periapical region 
in Group I, treated with Calen paste thickened with zinc oxide 
(×24 magnification).
Figure 2. Detail of the periapical region in the group treated with 
Calen paste thickened with zinc oxide, showing marked presence of 
collagen fibers disposed in different directions (×40 magnification).
Figure 3. Detail of the periapical region in Group II, treated 
with the paste composed of iodoform, Rifocort and camphorated 
paramonochlorophenol, showing inflammatory cells and intense 
vascular congestion near the material (×40 magnification).
Figure 4. Mononucleated and polymorphonucleated inflammatory 
cells infiltrate, with intense fibrilar dissociation and areas of 
edema. Group treated with zinc oxide and eugenol cement (×40 
magnification).
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ated cells and was of mild degree in 4 roots. In other 4 
roots, the inflammatory infiltrate was absent. Cells and 
fibers were observed in all specimens. The thickness 
of the periodontal ligament was normal in 3 roots and 
appeared mildly increased in 5 roots. Resorption of 
mineralized tissues (cementum, dentin and bone) was 
not observed in any specimen (Fig. 5).
Statistical analysis of the histopathological re-
sults could not show differences between Groups I and 
IV as well as between the Groups II and III (p>0.05). 
However, Groups I and IV were statistically different 
from Groups II and III (p<0.05).
DISCUSSION
Calcium hydroxide-based pastes have been 
indicated for root canal filling in primary teeth due to 
calcium hydroxide tissue biocompatibility (10,11,13). 
Chawla et al. (18), in a former study, found clinical 
success in 100% of the cases after root canal filling of 
primary teeth with a calcium hydroxide/zinc oxide-based 
paste, the material being resorbed in synchrony with the 
physiological root resorption. Accordingly, Rosendal 
and Weinert-Grodd (19) have advocated that calcium 
hydroxide-based pastes may be used as filling materials 
for primary teeth because they are resorbed concomi-
tantly with the physiological root resorption process. 
Nevertheless, is spite of its outstanding biological 
properties, some physicochemical properties of calcium 
hydroxide are quite unfavorable, the material being 
permeable to tissue fluids, resorbable at the periapical 
region and soluble within the root canals. In the present 
study, the Calen paste was thickened with zinc oxide to 
decrease its resorption rate, which should ideally occur 
simultaneously with the physiological resorption of the 
primary tooth roots.
The histopathological findings of Group I con-
firmed the biocompatibility of the Calen paste thickened 
with zinc oxide and are consistent with the results of 
previous studies (10,11,14), in which the Calen paste 
was used without zinc oxide thickening. In spite of pre-
senting high antimicrobial activity (12), it appear to be 
no published reports investigating the biocompatibility 
of the Calen paste thickened with zinc oxide. The lack 
of peer-reviewed scientific data hinders a reliable com-
parison between the outcomes of this work and those of 
the previous researches.
The histopathological findings for the specimens 
filled with the paste composed of iodoform, Rifocort and 
camphorated paramonochlorophenol disclosed that this 
paste did not appear favorable to repair, the best biologi-
cal response being obtained for the experimental group 
in which the root canals were filled with the calcium 
hydroxide-based paste. The features in Group II may 
possibly be attributed to the presence of camphorated 
paramonochlorophenol, the most cytotoxic component 
of the paste, which could be responsible for the reduced 
number of fibers, fibroblasts and vessels observed in the 
periapical region of the specimens.
Another issue that should be highlighted is the 
significant occurrence of bone resorption in the speci-
mens of Group II, which may possibly due to the high 
percentage of material extrusion observed in this group, 
as a result of the greater flowability of the paste.
The root canals filled with zinc oxide-eugenol 
cement (Group III) showed an adverse tissue response, 
which included the presence of inflammatory cells, 
edema and severely thickened periodontal ligament in 
the majority of the roots, in addition to cementum and 
bone resorption in 4 and 3 specimens, respectively. 
These findings are consistent with those of Woods et 
Figure 5. Interstitial tissue and periodontal ligament in an 
apparently ongoing repair process. Group treated with saline 
(×40 magnification).
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al. (6) which also reported unfavorable results for zinc 
oxide-eugenol cement used for endodontic therapy in 
primary dogs teeth. It may be speculated that these 
events of inflammatory response would be ascribed to 
the presence of eugenol (7).
In Group IV, in which the foramens were enlarged 
and the canals were filled with saline, tissue integrity of 
the apical and periapical regions was maintained. Mild 
inflammatory cells infiltrate, periodontal ligament with 
normal thickness and absent resorption of mineralized 
tissues were observed, which indicate that the operative 
technique did not interfere with healing in this region. 
In this way, regarding biocompatibility, the 
outcomes of this study may be summarized as follows: 
satisfactory for Groups I and IV, intermediate for Group 
II and unsatisfactory for Group III.
On the basis of the histopathological parameters 
examined and considering the evaluated materials in 
dog’s teeth, the Calen paste thickened with zinc oxide 
yielded the best tissue response, being the most indi-
cated material for root canal filling of primary teeth 
with pulp vitality. 
RESUMO
O objetivo deste estudo foi avaliar a resposta dos tecidos apicais e 
periapicais de dentes de cães, após obturação dos canais radiculares 
com diferentes materiais indicados para dentes decíduos. Foram 
utilizados pré-molares de cães, totalizando 40 raízes que, após 
pulpectomia e preparo biomecânico, foram divididas em 4 grupos, 
nos quais os canais radiculares foram obturados com os seguintes 
materiais: Grupo I – pasta comercial composta de hidróxido de 
cálcio e polietileno glicol 400 (Calen®) espessada com óxido de 
zinco; Grupo II – pasta composta de iodofórmio, Rifocort® e 
paramonoclorofenol canforado; Grupo III – cimento de óxido 
de zinco e eugenol; e Grupo IV – solução salina. Decorridos 30 
dias, as peças foram submetidas ao processamento histológico. De 
acordo com os resultados da análise histopatológica observou-se 
que nos Grupos I e IV as regiões apical e periapical apresentaram 
aspecto de normalidade, com grande número de fibras e células 
e ausência de reabsorção dos tecidos mineralizados. No Grupo 
II observou-se infiltrado inflamatório e edema leves, com dis-
creta fibrogênese e reabsorção óssea. O Grupo III apresentou 
alteração na região periapical e ligamento periodontal ampliado, 
com presença de células inflamatórias e edema. Os resultados 
obtidos permitiram concluir que a pasta Calen espessada com 
óxido de zinco apresentou a melhor resposta tecidual, sendo a 
mais indicada para a obturação de canais radiculares de dentes 
decíduos com vitalidade pulpar.
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